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SPIN-HEMODIALYSIS ASSEMBLY AND METHOD 
Barlcaroun^ "■P the Invention 

Hemodialysis was advanced as a life sustaining 
therapy for end-stage renal failure, when m about 1925 it 
was discovered that a thin film of re-constituted cellulose 
(cellophane') had the ability to separate chemical substances 
while in solution by means of their unequal diffusion through 
a permeable membrane. This phenomenon performed particularly 
well with blood to differentially separate out urea mole- 
cules, over the years there have been many changes to 
incrementally improve the hemodialysis process. The 
fundamentals, however, remained the same. Hemodialysis 
essentially mimics the kidney function of processing whole 
blood, however, man-made membranes are a poor substitute for 

one's kidney function. 

Whole blood is made up of four major components: a) 
red blood cells, b) white blood cells, c) platelets, and d) 
plasma fluid. Since the toxins or ureas to be removed are in 
the plasma solution liquid portion of the whole blood, the 
cells just go along for the ride. The cells are also very 
fragile, so although they do not participate in the dialysis 
process directly, they do come in contact with the dialyzing 
membrane. Their presence, therefore, dominates the rate at 
which hemodialysis can proceed. Generally, a hemodialysis 
process takes place over a four to six hour time period for 
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„eat.ent and generally such treatments would be required 3 
trmes per week. The dialyzer Is also patient specific. 

During each treatment the patrenfs total blood 
volume is drawn from the patient, passed through a urea 
separation dev.ce and returned in a continuous fashron to the 
patient . 

Many clinical complications arise because of the 
need to remove urea and other toxins while the fragile cells 
are present: of these, compatabrUty of the dialy.er mem- 
branes and Whole blood is of major concern. Both proterns 
and cells adhere to the membrane surface. This contact, in 
turn, causes a nuotoer of deleterious responses, which 
resemble those of assaults to the patient ■ s rmmune system in 
the form of a severe allergic reactions, serious complement 
activation in the C. C, region, to which the body reacts as 
if invaded by a foreign pathogen. The responses are numerous 
and in some instances life threatening. They include 

• Platelet adhesion, agglomeration and damage 

• Thrombosis and erythrocyte adhesion 

• Complement activation (C/CO 

• White cell activation (granulocytes, leuko- 
cytes, monocytes) 

The clinical manifestations are also numerous and 
in some cases lead to morbidity and mortalities. 
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Anemia 
Hypoxemia 
Organ damage 

Blood poisoning (Septicemia) 

infections, lumen and surface penetration 

Malignancies 
Leukopenia 



,s an o.:ect oi the invenUon to reduce or 

eu..nate the U.e-t..eatenin. consequences o. the .as.c U.e 
sav.n, process o.a.a..s.s,w.Ue at the sa™eti.e.eaucet.e 

ti.e required to cleanse the patrenfs blood. 

X. is a further object of the invention to provrde 
asse^ly and .ethod to separate cells and plasma in such 
, as to not have the cells rn contact w.th the artrfrcal 

Jane thereby reduce the plethora of clinical problems 

membrane, tnereuy 

,3SOciated wrth the — ne, «sultin. in safer and 

efficient dialyzing therapy. 

I, is a still further obiect of this inventron to 
p^ovide such techn.,ues for other purification purposes such 
as for water purrf rcat.on or .n the processing of food or for 
recycling motor oil. 
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in accordance w..h th.s invention a Uu.d (such as 

, „ , source (such as a parient) and 
blood) is taken from a source 

..rected into a pur..yrn. chafer w.thrn a rotatabie centr. 

.he purifyrn. chafer includes alter structure 

.1 Of the outer chamber wall. A fluid dis- 
mounted inwardly of the outer 

■^v. ^hP Durifying chamber ror 
charge line communicates with the pur y g 

•f.H fluid after contaminants have been 
discharging the purified fluid 

■ e ^= ar^t-ion A contaminant 
A result of the centrifuge action, 

removed as a resuxu w 

..Charge line also communicates with the purifying chamber 
to discharge the contaminants removed from the fluid. 

in a preferred practice of the invention a purify- 

. HH;,lvsate) is also conveyed to the 
ing material (such as a dialysate) 

V, V. . to assist in removing the contaminants, 
purifying chamber to assist 

of the invention tne 
In a preferred practice of the 

p„.....„. chamber rs formed from a plurality of oo-arcuate 
modules located at the outer wall of the centrrfu.e. 

A the center of the centrifuge. The 
manifold is disposed at the cente 

. vn. the fluid discharge line, the purifying 
fluid supply line, the riuiu 

....a supply line and the contaminant discharge Ime a 
communicate with the manifold and further lines convey those 
materials from the manifold to the modules. 

• ■ e nrpf erably practiced for purifying 
The invention is preteraoxy y 

oh nractice blood taken from the patient is 
blood. In such practice u 

■f ^A ^nd then distributed to the 
supplied to the manifold and 
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,„aividual module.. .urUied blood .s conveyed fro™ *e 
modules bao. .o .he .anifoXd and returned to the patient^ . 
.ialysate supply Une also co«n.cates with the .anifol 

,,en distributes the dialysate to the .nd.v.dual 
„,„lee to ass.st in renovin^ contaminants such as urea. The 
used dialysate and contaminants are then conveyed from the 
modules ba* to the manifold and discharged from the manifold 
to a collector. 

■pViQ Drawings 

Pigure I is a schematic diagram representing a 

known hemodialysis process; 

Figure 2 is a schematic diagram representing a 
process in accordance with this invention as used for 

purifying blood; 

Figure 3 is a perspective view of an inverted 

centrifuge in accordance with this invention; 

Figure 4 is a front elevational view of a module 

used in the assembly of Figures 2-3; 

Figure 5 is a cross-sectional view taken through 

Figure 4 along the line 5-5; 

Figure 6 is a cross-sectional view taken through 

Figure 4 along the line 6-6; 

Figure 7 is a perspective v.ew of one of the disks 

in the manifold shown in Figure 3; 
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Pi,ure 8 is a top plan view o£ the .anifold =ho„n 
in Figure 3 ; 

q is a side elevational view partly m 
Figure 9 is a i=>±^^ 

. • . nluralitv of disks which form the manifold 
section showing a plurality oi 

of this invention; 

Pigure 10 .s a cross-sectional view taken through 

Figure 8 along the line 10-10; 

Figure 11 is an asse„0.1y view of the various drsks 
used for forming the manUold of this invention; 

Figure 12 is an exploded vrew of the manifold shown 

in Figures 8-11; 

Figure 13 is a schematic view showing the purifying 

action in accordance with this inventions- 
Figure 14 is an elevational view showing a membrane 
support plate from the blood channel side of the membrane or 
filter as used in this inventions- 
Figure 15 is a view similar to Figure 14 of the 

w: ■ fiiHr^ ^ide of the membrane support 
dialysate or purifying fluid side or 

plate in accordance with this inventions- 
Figure 16 is a cross-sectional view showing an 
alternating stack of men^rane support plates and filter 
.e^ranes showing the dialysate flow path in accordance with 
this invention; 
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. 17 is an exploded view showing the 
Figure 1 / -^^ ^ 

o.,enta.io„ and s.aC.n. o.ae. o£ .He ™e^«ne suppo.. 

pla.es, .looa .nlet/ouue. a.s„..u..o„ covers, and aul.s.s 

that are Installed within the ..odule shown .n 
membranes that are xii=> 

Figures 5-6; and 

Pi,ure 18 is a sche.at.c diagram showing the broad 

,„„l.e this in.ent.on as used for purrfyrn. fluids .n 
general . 

prtnilf--^ nA.qcription 

rnrrent prior art 
Figure 1 represents a current 

Kiv As shown therein a tube 10 is 
hemodialysis assembly. As 

. process control U withdraws whole blood fro. the patient 
P into tube 10. The whole blood passes through a bacter.a 

process control U through tube 18 which leads to a dialy.er 
,0 Dialyzer 20 .ay be, for example, a component co-er- 
cially available fro. such companies as Baxter, ■Sa.bro and 
.resenius. The whole blood is treated to re.ove contaminants 
1„ .ialyzer filter 20 and the blood iS then conveyed through 
tube . 2 by .eans of PU.P 24 in process control!.. The blood 
13 then returned to the pat.ent P through tube 2. which 
incorporates a further bacteria filter 16. 
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The dialyzer 20 removes urea :T:ole:uies fr^r; tne 
-.^an l^a-:ysis. Because, hcwever, the reo cells 
the whit, cells le.:.:c:ytes a.e present, this Process 

1 -hhp v-pd -^ells which ir.ay cause 

IS hazardous in particular .cr the .ed .ei 

.nd -rpc-ure. To avcid these problems the 
cell breaicdown and .rdcaie. 

^■-^-n.. ,.ced is a slow, tedious process 
hemodialysis ccnventi.-.nallv '-sed 

, r,rrrA-t the fragile red bleed cells 
because of the neea tj pr-.u---. 

The -se of bacteria filters is also a 
from damage. The -^so 

disadvantage in that such filters are net ccmpleteiy ef^ec- 
-.ve and also extend the tx.e involved in the process. Such 
,-onventlonal process also incorporates a low pressure pun.p rn 
the process control and utilizes low pressure rn the 
dialyzer. The process described rn Figure 1 must be per- 
formed in a clinical setting which requires the patrent to 
Visit the cUnics about 2 to 3 times per wee. (or dialysis 
treatment that last 6 to 8 hours per visit. The inconve- 
nience, loss of productive time for the patient, and the cost 

,_,^t-rihiitp to excessive costs for 
of clinic supervision al. contribute 

routine health care. 

It is also known to separate the plasma from the 
cells by use of a centrifuge. In such practices the PUsma 
with various contaminants such as urea would then be treated 
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separately from tne ..er-r-.^ge 
diaiyzer 20. 

Figure 2 shr.ws the syste.-r, 30 ip. arcDrJance with 

B., ,\-.-.v,T ^herein whole bloc J which would 

this invention. As S!iOv.n ^.i^L^± 

. ■ .^11, „-a=-;ia a-.d contaianants such as urea would 

contain tne cells, p^a^.ud a..- 

J , fho ^,,i„„r in any suitable xanr.er su:h as 

be removed trom the pd-^e..^ c^^^y 

,.,v,„io blood would be conveyed 
through catneter J^. - 

through fluid supply line 34 into a oentrifuqc 36. As later 
desoribed the whole blood would first be conveyed into a 
centrally counted manifold 38 located at the center of the 
centrifuge. (Figure 2 illustrates the manifold 3. at the top 
of centrifuge 36, whereas the manifold would preferably be at 
the botton. of centrifuge 36 wrth the various supply and 
discharge lines being at the botto,» of centrifuge 36.) The 
manifold 38 would distribute the blood to a purifying chamber 
at the side wall of the centrifuge. A drstrnctrve feature of 
the invention is that the purifying char,fcer includes filter 
structure, such as the membranes used in known dialysizers, 
so that the cells would be separated from the plasma in the 
centrifuge and then the contaminants would be separated from 
the plasma as a result of the membranes. This would leave 
clean blood comprising the cells and plasma which would be 
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i;r.o '^o b?ck ZG the patient, 
conveyed through fluid discnarge l^^.e .0 

,n .^der to assist m the removal or tne 
In the meantme, m orler 

.r^-r. of tne plasma a dialysate wcula 
^ortaninarits cr purificati.n t,.e p 

.hr^^^.gh dialysate supply line 42 int. manifola 38 
al. tne us.. d.alvsa.e wcu:. ca..y .he «„ta..nants an. wa.e. 
the cent..fu,e th.ou^h .anUoId 33 to t,e ..scha.^e. 

/14 f.-r .-ollection at seme 
through contaminant discharge Ime 44 f.r 

remote Ic cation. 

The invention could be troadly practiced wUhout a 

v,^-^^ conveyed directly to a 
manifold Where the who^e biocd -s ^ouvey 

p„if,i„o cha..er at the outer wall of the centtUu.e 3. and 
the dralyaate .s also conveyed to that purrfyrn. cha*et. 

Chafer and directed to the patient while the used d.a.ysate 
ana contaminants would be discharged fro. the pur.fy.n. 
Chafer. For effrc.ency purposes, however, a .anlfold rs 
„,ed r„ coebrnatlon with the purrfyln, chamber beln, rn the 
of a pluraUty Of co-arcuate .odules as later described. 
The assembly shown In Figure 2 thus rncludes a 
patient catheter 32 havln, tubin. leadln, fro. the catheter. 

, be Dumped through tube 

Anti-coagulated blood and urea v.ould be pu p 

. .hp influence of blood pump 46. The clean 
or line 34 under the intiuenoe 
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, ^v-,p,,-,v. ^, ^n- cr tube 40 bacK to 
blood wrali be returnea thrc- 

,...e^e^ 32. Preferably, a sterUe ccnnection devx.e 4B,4B 
. 3 located .n each nne 34 and 40. Such sterUe connect.:. 

. .ISO be located at other pcrtions of the asserr^.y 

devices may also ce i^^^^^ 

..ch as atcoupUn, Icca.U.s .0 in lines 34, .2 and 4., 

such s.eriie connection devices »ay be of the type des:r.tei 

. TQi aon. n, 141, 592; 5, 256, 2i'5; 
in U.S. Patent Nos. .,.93,.„., i 

s ,„,.85,. and 5,614, 333, all of the details of which are 
,1,-o.po.ated herein .y reference thereto. As used here.n the 
.er. "Sterne connection dev.co" is intended to refer to a 
device havin, a parr of aU^ned spaced tube holders each of 
«Hrch has at least one tube receiving channel and includes a 
.eated wafer located to pass between the spaced tube holders 
for heatm, plastic tubes placed therein, .he connectron or 

^^v>^ n -n c;t-prile manner. 
^i^Q-h-i-- tube IS done m a sLtiJ-xx.. 
separation of such plastic ruce 

The ability tc include a sterUe connectron device as part of 
he«dralysis system assures that the he.odialysrs 
Processes can re.ain totally contarned and sterile. Thus, rt 
is possible between hemodialysis sessions to seal tubes 34 

„f the iterile connection devices 
and -10 at the location of the sterile 

„,4e so that the catheter could regain in the patient 
the patient bein, i^obiUzed as a result of 
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ccnnection to the re=t of the assembly. S.^Uarly, the 
tubings M, .0, 42 a... .4 oculd be sealed at the locatxons cf 
couplers 50 so as to readily disconneot those o:..por,er.ts of 
the asse-otdy. As a result, the oentrifu,e 36 with its 
related oo.ponents oculd be stored separately frc. the other 

■ ^,,hpq pxtendina frorr. centrifuge 
components with tne varicuo .^bes e^tenai . 

-,4- i-y^e 1 neat ions cf the four 
36 having sealed stuD eud^ a. .^.e ^-cd. 

couplers. Similarly, the aialysate supply and the contami- 
nant/used dxalysate collection components could also be 
located separately from the patient and fro. the centrifuge. 

Because centrifuge 36 incorporates the dialysate 
membranes, as later described, the centrifuge 36 might be 
considered as a parallel plate spin dialyzer centrifuge. 

Figure 3 generally illustrates the construction of 
the parallel plate spin dialyzer centrifuge 36. Figure 3 
shows the centrifuge 36 inverted. Thus, the various supply 
and discharge lines enter and leave the bottom of the 
centrifuge 36. The various supply and discharge lines 34, 
40, 42 and 44 would come together and extend along side each 
other within a sleeve or outer covering 52. As a result, the 
supply or discharge tubes or lines are maintained m a 
compact condition. The covering 52 would extend from above 
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-.e ^^--t'ifuge ar.d ther. coirr.unicate with tr.e cer.trifuje a- 
of ...e cen.r..:u.e 36. As noted, Fi.a.e 3 shows 
.-.ntri.u.e 36 inverted. In other wo.os, what is shewn at 
.he t-.p cf r.,ute 3 actuaiiy corresponds to the botto. o: the 
„.tr.:-u.e 36. Thus. Fr,ure 3 shows the whole hicod supply 
,,te -4 extending fro. covering 52 into .anU:ld .8 as 
,„dicated hv the downward arrow. The clean -plood would exrt 
,ro. manifold 3S through Une 40 as rhd.cated by the upward 
3.row. The fresh dial.sate enters the centrrfuge 36 through 
une 4. whrch co..un.cates wrth .anrfold 38 and the used 
dialysate and contaminants exit the centrifuge and .an.fold 
through une 44. The centrifuge bowl 36 and the outer cord or 
covering 52 are incorporated into a one o.ega/two o.ega 
centrifuge drive syste., an established, V.nown in the art, 

•v.r.^nrr rpntrifuQe wlthout the 
method of communicating to a spinning centri g 

use of rotating seals. 

The blood is treated or purified along the outside 
„aU of centrifuge 36 rn a purrfy.ng chamber. In the 
preferred practice of the invention in order to increase the 
handling capacity and the efficiency of the blcod processing 
the ourifving chafer is formed from a plurality of individ- 
ual oo-arcuate modules 54. In the illustrated practice there 
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are four such modules 54. 



rhe manifold 38 m turn is formec 



■ .f disks c-rrespcnding to the numJc^er ot 
from a plurality of disks h 

3„p,l, ana d.scnar,e Unes. :n .ha. »,a.. a separate a.s. 
: p,.ovUe. « ..s„..ute ..e au.d of each supply a,,o 
..sc.a.e Une. - aoo.acna. cc-o. a.s. is use. tor 
.ece.vin. each supply ana ..scHa.,eU.e. .hus, fo. e.a.P^e 

• ^ r^^n^ fold 38 through supply Ime 3^ 
the whole blood entering man-.roxi 

3P from Its disk 38B at four 
would exit from manifola 3c 

, .,,,3 e:^.~h -f which is associated with a 
different locations, e^-n 

.epa».e «aule M. r.u.e 3 ..spates .he i.aiv.aual 
...pp.V tu.es .0. the whole hlooa aes.,nacea hy .he .e.e.ence 

'^^^rA .sic:V 38B to each or 
nu„,erai 34A as extenaxng from man.foia disK 

c;/, an inlet connection 5b at 
the four respective modules 54 at an 

the top center of each module. 

. . .nrnlv line 42 connects with module 
The dialysate supply ime 

• f^s t-hrouah four individual lines 
38 and then dialysate is fed through 

4.. from manifold disk 38D to the four modules 54 at a 

..ean olood is returned from each module 54 through return 

T7^^vir-fi ^) which would 
line 40A (only one of which is seen m Figure 3) 

fo at the bottom center of each 
extend from a connection at 

. ^ +-v.^ riic:V 38E of manifold ^Jo. 
n^odule 54 and extend back to the disk 
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The clear, blcod would tnen =Xi^ ^-e -an 

charge line 40. 

Finally, the used lialysate, urea ar.d wa-.er «ou.a 

exrt each .odule through line 4« at a connectioh 62 or the 
left-hand side of each plate and enter man.fcld 33 at 
manifold dis. 3BC. The contaminant and used d.aly.ate woulo 
then be drscnarged frcm manxfold 39 through line 44. 

,,,„es 4-6 nlustrate the details cf tne of the 
«dules 54. Although Figure 3 shows the centrrfuge and its 
components includrng the modules in an inverted condition. 
,,,„es 4-6 illustrate the modules in their normal uprrght 
oondrtron. As shown therein, each module is a closed chamber 

parallel coarcuate wall 66. The outer wall 64 would be 
disposed against a retaining ring at the outside wall of the 
,,„„l,,,e 36. The various inlet and outlet nrpples or 
connectors 56. 58. 60. 62 are located at the inner wall 6., 
«hole blood would enter the module 54 through 

Clean blood would be discharged through connector or nrpple 
eo at the top of the module with both connectors 56 and 60 
herng generally centrally located along the length of the 
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--d-e AS later described nipples 57 and 61 are Icca'.ed 
LLte ..pples 56 and 60. Nipples 51 and 61 are closed by 

plugs 59 and 63 or by any ether surtable closure such as a 

cap . 

The fresh d.alysace would enter mcdule 5. tnrough 

.-.nnector or nipple 58 while the used d.alysate and conta.r- 

ants such as urea would ex.t through connector or nipple 62 

■+-^ oi ^o e^rinf '■f the module, 
at the opposite side eage -i 

Thus, as Shown in Figure 6 the blood entering the 
bottom 0£ module 54 wou.o flow upwardly and exit through the 
top as clean blood as later described. Similarly, the 
dialysate would enter one side of module 54 at connector 58 
and exit through connector 62 taking along with it the 
contaminants such as urea as it exits through connector 62 as 
shown in F.gure 5. Thrs will also be later described. 

Each module 54 may be formed in any suitable manner 
.uoh as being initially of an inner and outer shell member 
72,74 separate from each other to permit the men^rane support 
plates 68, blood inlet/outlet distribution covers 98, and 

V, fls to be located within the purifying 

dialysis membranes 85 to oe 

Chancer formed by module 54. The individual shell members 
could then be mounted together in any surtable manner such as 
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by a cast in place seal baud 70 wh.ch connects the shell 

members 72,74. 

Before the members 72,74 are assert,led together, 

the stacK of me^rane support plates, me^ranes and blood 
distribution covers must be mounted in a specific order and 
orientation. This may be done by temporarily placing regis- 
tration rods into the inner shell member 74 through nipples 
56 and 60. The inner shell mender is then placed nipple end 
down with the registration rods facing up. The membrane 
support plates etc. are then fed onto registration rods 
.trough the locating holes (Figures 14-15, 56A and 60A. 
Pigure 17 illustrates the stacking order and orientation of 
the first two layers. The stac. begins with a meotorane 

the blood channel side, see Figure 14, is facing up and away 
from the inner mender 74. Next, two blood inlet/outlet 
distribution covers 98 are laid over the membrane support 
plates covering the channels created by ribs l^ shown in 
Figure 14. The filtration or dialysis membrane 85 is now fed 
onto the rods and laid across the blood inlet/outlet distri- 
bution covers 98 and the me^rane support plate 68. The next 
.e*rane support plate is oriented blood channel side up as 
before, but is now rotated 180 degrees out of phase with the 
previous membrane support plate, before placing it on top of 
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.He .e^rane. THe layer co.ple.ea wich t.e add.Uon «o 
„,,e .looa .nle./ouue. dist.i.u..on covers and another 
a.a.ysi. .e~. The stac. conc.nues .n *is U=hron 
auerna.ively roca.in. the ™e*rane support plates as you go 

^ r^i^fps orients the sealing ribs 
The rotation of the support plates orien 

.V, ^ ^^rh layer forms a separate and 
97 (Figure 16) , so that each layer 

.naependent d.alysis chafer. PinaUy, the outer sheU .e^er 
is plaoed over the staoK usin. the registration rods and 
nipple holes 57,61 as guides. The whole assembly Is then 
compressed and held together, whrle a sealing hand ,0 is oast 
plaoe. After the band is secured the .e^rane support 
pxates .S are compressed, sealed, and trapped in place. The 
registration rods can now be removed from nipples 5V,.l and 

Thus nipples 57,61 function as 
closed with plugs 59,63. Thus, nipp 

oneninqs used for assembly. The aligned holes 56A, 60A 
access openings ubt;u 

,,e me« support plates 68, blood inlet/outlet 
aistr.bution covers 98, and dialysis me^ranes 85 form blood 
,„let and outlet passageways communicating with nipples 56 
and 60 respectively. 

■c lA ia mav best be understood 
The details of manifold 38 may t^esi: 

reference to ..gures Manifold 33 in general 

includes a plurality of drs.s havrng various passageways in 

the form of vertical passageways, horizontal passageways and 

1,= -illustrates one such disk 38B 
elbows. Figure 7, for example, illustrates 
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„H.cn .s usea .or d.s»..ut.n. *ole .looa fro. Une 3. wMcH 
„ouW en.e. .he .an.fol. .h.ou.h di.K 3S.. <See Pi.ure 9, . 

..own in F..u«s 7 and S an elbow shaped passage 37 .n 
d... 3BB coc„.unioates with a vertical passage in d.sR 3BA 
co-un.cates w.th the hlood supply Une 3.. The hlood 
nows into elbow passage 37 and then flows horizontally 

,our horizontal passages 34A. Bach horizontal passage 3« 
communicates wUh a supply Une leading to a respective 
„ipple or connector SS of each module. Thus, the blood 
entering dis. 3SB is distributed to each of the four modules 
,4 If a greater or lesser number of modules is used, the 
same number of horizontal passageways 3.A would be provided 
i„ disR 3SB. Dis. 38B also includes vertical passageways 3. 
to permit the clean blood and the fresh dialysate and the 
used dialysate/contaminants to pass through disK 38B through 
the individual passageways and into their respective dis.s 
until each vertical passageway 39 leads to an elbow passage- 

► rliak 38C 38D and 38E to permit 
way 37 of each respective disk 381., 

fluid to be distributed through each of those disks. 

Figures 9-12 show the disks in relation to each 
other AS Shown in these figures the disks are arranged in 
their normal condition which is opposite to that of Figure 3 
„.ere the disks are shown inverted since Figure 3 is taken 
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, . ^ -.4 40 42 and 44 would 
J 1 Mihpci or lines 34, 'iu, 
the individual tubes 

into or out o£ the various disks. 

fresh d.alysate would enter disk 38A through 
una « and would pass through vertical passage 3. rn 
,,3k 3SB and then enter disk 38C through elbow passage 37 and 
„ould he d.str.huted through the .our individual lines «A 
into the four individual modules 54 . 

The used dialysate and contaminants such as urea 
and water would .e conveyed fro. modules 5. through their 

V. .^-iQkq 38C, 38B through 
elbow passage 37 and then through disks 

. 10 to be discharged from disk 38A 
aligned vertical passages 39 to be dis 

through discharge line 44. 

Finally, the clean blood would be conveyed from the 
individual modules 54 through lines 40. to disk 3BB and then 
exit through elbow passage 37 and into aligned vertical 

, -.on 7ftr and 38B and finally into 
passages 39 through disks 38D, 38C, 

V, ^he clean blood would be discharged through 
disk 38A where the clean diuu 

line 40 back to the patient. 

Figure 10 illustrates how by properly aligning the 
vertical passages 39 in the disks 38A, 38B, 38C and 380, the 
Clean blood flows fro. its Ime 40A to elbow passage 37 and 
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. ,s disks to be discharged through line 40. 
through the various disks to . , „f fresh 

, IV P.gure 10 Illustrates how the input of 

through vertical passage i ^^^^^ 
dialvsate being discharged from disk 

the d^ks 3S.-. could be ide^ical with each 

.o facilitate the proper positioning of each disk 

eot to each other, the disks could include a 
,,,, respect ^^^^^^^ , 

locating or indicating notch 76 such 

.d . Which would indicate the location Of a par ic^^ ^^^^^ 

Other locating or indicating structure 
of passageway. Otner looa ^ 

: located, the disks could be secured together in any suitable 

manner such as by welding. ^^^^^ ^^^^^ 

The total number of disKS loi 

. . supply or discharge line has a disk 

dedicated to the ' d 

^hat line. Accordingly, since there 

. 40 42 44 there would be four dis.s to 

discharge lines 34, 40, 42, 

fr^nr- lines In addition, there is 
correspond to those four lines. 
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.U.ou.n (our modules are utUized in the Ulus- 

. . practice ct th.s .nvent.on, U is to be understood 
.rated practice ^^^^^ ^^^^ ^ ^^^^^ 

,,,, invention could P 

greater nu*er of modules, including only srng 

IV be a single module the various supply 
Where there would only be a singi 

„o directly to the module without 
and discharge lines could go directly 

having to go through a manifold which distributes the 

flowing through those lines. 

By having the purifying chancer in the form 
plurality of individual modules and not as one continuous 3.0 
Tree cL^er, the arc length of travel of the dialysate and 
therefore flow resistance is reduced. 

The modules can be sterilized and sealed m a 

^ „f anv suitable biocompatible material such 
or housing made of any suitau 

as ^^^^^^ ,,,„ed With saline. 

.He fluids enter the centrifuge from the bottom, air, etc. is 

V, .nd lines Blood is then 
purged from the various tubes and Unes. 

^ distributed to each module 
^ the system and distriDut.t;u 

introduced to tne t=y° , ^ 

■f The blood entering each module 

through the center manifold. The 

through nipple would initially be in a turbulent stage^ 
The blood flow IS evenly divided among the stacked membra 

then dispersed horizontally through the channels created by 
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, ,,,, ,9 During th.s turbulent stage the blood .s 
rhe raised riDS /y. i-"^ 

Qc; hv the blood m- 
protected fro. the d.alys.s .en^rane SS by 

et/outlet attribution cover W.Ue traveling abou t 

rotat.on tHe blood rs under tbe rnHuence £ 
,„d the cells begin separating from the 
centrifugal force and the .„.,^ular 

a thrn plasma layer has formed above the blood cells. 

ngure 13 rllustrates a cross section of three sets 
blood channels, membranes and d.alysate rnterfaces. See 
31SO ..gures - illustration in Pigure 13 dep.cts 

aetron that ta.es place dur.ng the blood pur.frcatr n 

■.^= of a blood channel which is 

Thf. -interface consists ot a dxuuc. 
process. The interLd^ 

formed on the top .blood, side of a me^rane support plate 

dialvsate Channels formed on the bottom 

-1 4.^ The plates are 

o£ the next membrane support plate 68. P 

.aced so that the centrifugal force is --"^ ^ 
,_ds the outer .11 . of module S. and against the b 

.he blood Channels. Under the influence of centrrf 
,orce the cells are separated from the plasma and settl 

-, ^ ca Thus a thm layer ot 
across the membrane support plate 68. Thus, 
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components .ro. the dialysis — ne 85. Only the plasma 
passes by the dialysis — ne • The cells do not experience 
the trauma of me^rane contact therefore reducing or 
eliminating me« induced complement act.vat.on. The urea 

unaffected by the centrrfugal forces needed for blood cell 
separation. The dialysis function can proceed .n a conven- 

ooncentration gradients out through the cells walls across 
the plasma layer and through the dialysis membrane 85 into 
the dialysate solution. The blood that returns to the 
patient is virtually 100* free of urea and other toxins. 
This level of purity contributes to the reduced therapy time. 

"hv^o-n pvits from the module 
edge of the module at connector 56 then exits rro 

at the opposite edge at connector 60 as cleaned or purified 
cells and plasma. See Figures 4 and 6 which show the flew of 
.iocd from connector 56 through the module 5. and out of 

connector 60. 

The membranes 85 in the dialyzer plate stack are of 
conventional construction as rs known for use rn dialyzers 
3„eh as rn dialyzer 20 of Figure 1. What is unigue rs the 
mounting of the membrane support plates in a centrifuge and 
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CP as D-evicusly descri'rei. ^r: 
^he inclusion of c-vers 9;., as F-e 

.^rr- varf 68 IS an essentially 
general, each meiri^rane supper. P^a.. 

,„,-.an,.iar plast.c .a.t>er T.av.r.g rai.ea ...s ^, 

Fi a'^re 14 illustrates a 
ea^h side t. create flow channe... -3..re 

. i.tp .'8 ^ron the blo:i channel sice. The 
merrirane support plate c.8 .rcn 

. • ~ >-T--ai-tv of qenerai.y 
blood channels are fcrmea oy . ..^-a.-ty 

1-30 v^iond channels in 
parallel spaced rxcs 78 wh.cn create .3. 

illustrated e.l>cdi.ent exter.d.n. laterally acrcss the 

,ole .n the entrance =.de the Plate ee and spreads .n 
a d.rectlon perpendicular to the rr.s IS al.n. rrhs 7.. .he 

,^^-=,5 Dlate 66 in the channels 
blood then flows laterally across pla-e 

J <H= IB into the discharge area along 
formed by the spaced ribs !6 into 

,,ts 19 Where the clean blood exits through outlet 60A. 

ngure 15 illustrates the dialysate side of the 

.e^rane support plate ef. The staO: of 3. .e^^nes would 
,„,,,,e 3. .en^.ane support plates with 34 of the plates 
being active and With an end Plate Oh each side Of the staC. 

.3 Shown therein, a plurality o, sawtooth pattern ribs BO is 

Ulustrated en.bodi.ent 56 channels would be fcr.ed, each of 
„hich would be 1.25- Wide covering a total distance of 70- 



25 



DENCO-53 

c^-ip ^'-e 132: tlcod channels 

whereas the blooc cnanr.e. s-:ie -.e 

..ich are each 1.25.. w.de cover a distance of 165... The 

. ^ -^r-sses Dver to the dialysate side through hcies 

channels 8^, -rvsses jvt,i- 

_-^<, the elate cy along the raised 
84, and flows completely acrLSS tne plate 

. _v„ -v,a-reTs .-reated by ribs 80. 
ribs 83 and then through -he ...a..ne-s 

, y.;y.a ---isses back over tc 
The dialysate then exits aiong rxbs 3., - 

1- u R/i -t tne opposite edge channel 

the blood side through ho^es 84 at tne oppj 

82 Eo.e B:: would correspond to connection location 58 m 
ngure 5 While edge on the opposite side of the support 
plate 68 would correspond to connector location 62 of Figure 

Figure 16 shows the pattern of flow for a stack of 

.nd Dlates 68. As shown therein the dialysate 
membranes 8:) and piateb 

^ r.r.r and und^r the alternating seals formed by 
flow is passed over ana unaei 

the raised sealing ribs 97. 

The raised sealing rib 97 provides an uninterrupted 
compression seal between the membrane support plates. The 
seal completely surrounds the blood channel side cf tne 
membrane support plate 68 and prevents the dialysate from 
directly mixing with the blood compartment. The edge 
channels 82, through holes 84, and the raisei sealing rib 97, 
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„e arrar.,ei ac. interleaved so that, when .he places are 

With respect t.: each other, a iialysate flow path .s created 
for each indiv-Jual r»en.irane suppcrt plate. 

The blocd wculd flow ih a transverse Jirecticn xh 
the channels for.ed by rrbs .8 perpendicular tc the general 

ic to be understood that 
direction of the dialysate f^--. 

the .echanis. of purifyin, the plas.a through the use of 
parallel plates is a V.nown .echanrs., but has not heretofore 
been used by bein, incorporated in a centrxfuge as part of a 
Single comprehensive systen for purifyin, blood on a continu- 
ous basis through the use of a centrifuge for both separating 
the plasma fro™ the cells and separating the contaminants 
from the plasir.a. 

^H^.c m;.VPs use of known techniques 
The invention thus maKes ube 

such as dialycer meK^ranes as previously described and such 
as the use of centrifuges for blood separation. Reference to 
that regard is made to U.S. Patent Nos. 4, 680,025; 5,S51,9«; 
and 5,807,492, all of the details of which are incorporated 

herein by reference thereto. 

Wthough the invention has been described with 
particularity to the practice of purifying blood, the same 
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-s- --e u-^ed fcr ether ir.edicai purposes such as 
concepts can a^s^ .^^c-* 

^ ; -fr^^^^ vi^al infections, 

he suppressiL'n ..a..^-^ h-- 
hepatitis therapy ar.d liver i.alys.= . Ine .nver.ticr. can also 
be used for non-medical purposes, such as in the recy:ling of 
„.tc.r oil Where advantage rs taken of the fact that the 
irrpurlties would be heavier than notor oil. Adlitronal 

- , ■. nrnrpssina, such as in the 
applications couia luuxude ^^-^^ P 

processing of beer where harsh elements are removed and in 
the processing of milk/soy miU. In addition, the techniques 
could be used for water purrfrcatron on a continuous basis 
where the water is inputted and the heavier elements are 
separated. The water could pass through filters similar to 
the membranes S5 which are specialized filters m blood 

purification. 

Figure 18 schematically illustrates the general 
practice of the invention for various techniques rather than 
simply blood purification. As shown therein the fluid to be 
purified would be fed through line 86 into centrifuge 88 as 
aided by pump 90. If desired, an additional purging fluid 
could be supplied to centrifuge 88 through line 92. Such 
additional purging fluid, however, would be optional. 
Mounted withm the centrifuge 88 would be a filter system so 
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that th» fluid er.terir.g thrtugr. lines • -e 

and removed through line 9.. The contaminants removed £ro:n 
the purified fluid would be drsoharged through Une 96 with 
or without the aid c£ the purging fluid from the optional 
line 92. 

The invention thus makes use of a centrifuge to 

, ^.-.v.^ie ^t-aqe."^ of purification where in the 
accompiisli mu-L uj-i^-i-e ^^a^^- 

purification of blocd the cells are xnxtxally removed from 
the plasma and then the plasma is purxf.ed to remove 
contaminants such as urea. Thxs takes place in such a manner 
which avoids the cells contacting the membranes or filter 
material thereby avoiding damage to the cells. 
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